Carotid endarterectomy (CEA) is the main treatment for atherosclerotic plaque of the cervical internal carotid artery. The surgical anatomy of the carotid arteries was studied in the carotid triangle of 49 cadavers. The carotid bifurcation was located at the level of the lower third of C-3. The superior thyroid artery arose from the anterior wall of the external carotid artery in 70% of specimens and from the distal portion of the common carotid artery in 30%. The lingual artery arose as a separate trunk between the origins of the superior thyroid and facial arteries in 81% of specimens, with the facial artery from a common trunk in 18%, and with the superior thyroid artery in 1%. The occipital artery arose from the posterior aspect of the external carotid artery above the level of origin of the facial artery in 57% of specimens, between the origins of the facial and lingual arteries in 32%, and below the origin of the lingual artery in 11%. The origin of the occipital artery was positioned low and the distal portion of the occipital artery was crossed by the hypoglossal nerve in 20%. The ascending pharyngeal artery arose from the posterior wall of the external carotid artery above the level of origin of the lingual artery in 66% of specimens, below the origin of the lingual artery in 9%, from the proximal portion of the occipital artery in 19%, from the carotid bifurcation in 2%, and from the internal carotid artery in 2%. The branches of the external carotid artery are the key landmarks for adequate exposure and appropriate placement of cross-clamps on the carotid arteries. It is necessary to understand the surgical anatomy of the carotid arteries to carry out successful removal of plaque and minimize postoperative complications in a bloodless surgical field.
Introduction
Carotid endarterectomy (CEA) is the main treatment for atherosclerotic plaque of the cervical internal carotid artery, which is an important cause of transient ischemic attacks and stroke. Randomized trials have shown that symptomatic patients with at least 70% stenosis of the internal carotid artery benefit from CEA, and that patients with 50% to 69% stenosis and asymptomatic patients experience lesser benefit. 1, 5, 6, 11, 13) Since the benefit from CEA depends on the incidence of perioperative stroke and death, surgical skill with a low complication rate is absolutely essential. The American Heart Association has published fixed guidelines for CEA. 2, 12) The surgeon should perform the operation with a rate of perioperative stroke or death of less than 6% for symptomatic patients with severe and moderate carotid stenosis, and 3% for asymptomatic patients with at least 60% carotid stenosis.
Vascular control prior to arteriotomy is essential to minimize the ischemic and embolic complications in the CEA. Rapid and accurate removal of atherosclerotic plaque of the internal carotid artery can be only achieved with a bloodless surgical field obtained by cross-clamping of the internal, external, and common carotid arteries. The cross-clamp must be placed beyond the distal extent of the plaque of the internal carotid artery and proximal to any branches of the external carotid artery, to prevent unacceptable backbleeding during the arteriotomy and repair. Therefore, it is important to understand the branching patterns of the branches of the carotid arteries for appropriate dissection of the carotid arteries and placement of the cross-clamp.
The present study examined the surgical anatomy of the carotid arteries located in the carotid triangle important for CEA in formalin-fixed specimens.
Methods and Materials
Ninety-eight carotid arteries were dissected in 49 Japanese cadavers, 25 males and 24 females (mean age 81 years). The bilateral common, external, and internal carotid arteries were dissected. The cervical level of the carotid bifurcation was determined by comparison with the cervical vertebrae. Formalin fixation causes increases in size (2-3%) of atherosclerotic arteries 3) but these increases were negligible in our measurements. The difference in the level of bifurcation between the surgical and angiographic views was examined after arteriotomy of the common and internal carotid arteries in 30 of the 98 specimens. Every branch originating from the carotid arteries located in the carotid triangle was dissected. Branching patterns of the branches of the carotid arteries were examined. The relationship between the origins of the occipital artery and the hypoglossal nerve was also examined.
Results

I. Cervical level of the carotid bifurcation
This study found no difference in level between the two sides (Fig. 1) . The carotid bifurcation occurred most frequently at the middle third of C-3, and the mean position of the carotid bifurcation was located at the lower third of C-3. The mean distance between the surgical and angiographic positions of the bifurcation was 3.9 mm (range 1.0-6.6 mm).
II. Branching patterns of the superior thyroid, lingual, and facial arteries
The branches arose as a separate trunk from the external carotid artery in 81% of specimens (Fig. 2) .
The facial artery originated with the lingual artery as a common trunk in 18%, and the lingual artery originated with the superior thyroid artery in 1%. The superior thyroid artery arose from the anterior wall of the external carotid artery in 70% of our specimens, but arose from the common carotid artery in 30%.
III. Branching patterns of the occipital artery
The occipital artery arose above the facial artery in 57% of specimens, between the facial and lingual arteries in 32%, and proximal to the lingual artery in 11% (Fig. 3) . Usually, the occipital artery is crossed superficially by the hypoglossal nerve at its origin. The origin of the occipital artery was positioned low Neurol Med Chir (Tokyo) 45, January, 2005
Surgical Anatomy for CEA and the distal portion of the occipital artery was crossed by the hypoglossal nerve in 20% of specimens.
IV. Branching patterns of the ascending pharyngeal artery
The ascending pharyngeal artery usually arose from the posterior wall of the external carotid artery, distal to the lingual artery in 66% of specimens and proximal to the lingual artery in 9%. The ascending pharyngeal artery originated from the proximal portion of the occipital artery in 19% of specimens, from the carotid bifurcation in 2% (Fig. 4A) , and from the internal carotid artery in 2% (Fig. 4B) .
Discussion
The location of the carotid bifurcation and the distal extension of atherosclerotic plaque in the internal carotid artery both contribute to the technical difficulty of CEA. Several methods have been described for added exposure of the distal carotid artery. 7, 15) If the carotid bifurcation is above C-3 or the plaque extends distally, standard approaches may not provide adequate exposure for removal of the plaque and for arteriotomy repair. 7) The present study found that the carotid bifurcation of Japanese individuals was most frequently located at the middle third of C-3, and the mean position of the carotid bifurcation was located at the lower third of C-3. The bifurcation in Europeans is most frequent at the level of the disc between C-3 and C-4. 9) The carotid bifurcation is thus located higher in Japanese than in Europeans.
Dissection of the internal carotid artery must be complete and clearly beyond the distal extent of the plaque before cross-clamping and arteriotomy are performed. The position of the carotid bifurcation is determined before surgery from the angiogram. However, the level of bifurcation revealed by preoperative angiography often differs from that recognized at surgery. The difference between the surgical and angiographic views indicated the bifurcation was positioned lower by 1.0 to 6.6 mm than expected. Angiographically, the carotid bifurcation is usually located at the level of C-4, 4) whereas, anatomically, the bifurcation is most frequently located at the level of the disc between C-3 and C-4. 9) The distal extent of the plaque is also determined from the angiogram before surgery. The origins of the branches of the external carotid artery act as key landmarks for adequate exposure and appropriate placement of the cross-clamp on the carotid arteries. It is helpful to assess the patterns of the branches of the carotid arteries located in the carotid triangle on the angiogram before surgery. Determination of the distal extent of the plaque in the internal carotid artery by comparison with the position of the origin of the occipital artery should be particularly helpful.
Usually, the occipital artery is crossed superficial-
ly by the hypoglossal nerve at its origin. The connective tissue surrounding the hypoglossal nerve is dissected and moved upward to adequately expose the internal carotid artery, if high exposure is needed during CEA. If the origin of the occipital artery is low and the distal portion of the occipital artery is crossed by the hypoglossal nerve, sacrifice of the occipital artery and sternocleidomastoid branches may be required before the hypoglossal nerve is moved upward, to prevent paralysis of the hypoglossal nerve. The ascending pharyngeal artery is frequently said to originate from the back of the external carotid artery near the bifurcation of the common carotid artery. However, the origin and configuration are quite variable, and the origin may be the internal carotid artery. 8, 14) The meticulous anatomical dissection and identification of vital structures needed to minimize postoperative complications can only be achieved with a bloodless field. 10) If the ascending pharyngeal artery arises close to the origin of the external carotid artery proximal to the lingual artery, carotid bifurcation, and internal carotid artery, this vessel must be identified to ensure that no troublesome backbleeding occurs during plaque removal. The ascending pharyngeal artery arose from the carotid bifurcation in 2% of our specimens, and from the internal carotid artery in 2%. We usually dissect circumferentially around the carotid arteries located in the carotid triangle and try to find any branches arising from the posterior wall of the carotid arteries near the carotid bifurcation. We have experienced only two cases of embolic complication among about 250 cases of CEA (0.8%) performed using this technique, but we are convinced that the carotid arteries must be isolated with the gentlest possible dissection.
The branches of the carotid arteries located in the carotid triangle are key landmarks for the adequate dissection of the carotid arteries and should be identified before cross-clamps are placed and arteriotomy is performed.
